[bookmark: _Ref452454252]3GPP TSG-RAN WG2 #119e	R2-2301837 
Grecece， Athens 27th February - 3rd March, 2023

Agenda item:			
Title:			Discussion on Network Verified Location
Source:		TCL Communication Ltd.
Document for:		Discussion 
1. Introduction
In Release 17, a work item was carried out to define solutions enabling New Radio and NG-RAN to support Non-Terrestrial Networks (NTN). As part of Release 18, a new work item [1] is proposed to define enhancements aspects of NR NTN in terms of coverage, service continuity and UE location verification by the network to enable selection of an appropriate core network for UE attach and/or UE service access in accordance with the governing national or regional regulatory requirements applicable to specific UE location. Regarding network verified UE location, the work item objective as to 
· Mandate the network operator to cross check the UE location reported by the UE accessing 3GPP network via satellite.
· Prioritize the specification of necessary enhancements to multi-RTT or DL-TDOA positioning methods to support the network verified UE location in NTN assuming a single satellite in view of UE at time.
· Reuse of the RAT only dependent positioning framework based on RAN1 conclusions (i.e., to avoid malicious UE from faking PLMN selection).
· Verify UE location with a target accuracy similar to terrestrial network macro cell size (i.e., 5-10 km granularity) taking into account take into account the mirror-image ambiguity issue.
During the RAN1#110 meeting, it was agreed that time-based positioning methods such as multi-RTT and DL/UL-TDOA positioning methods to be considered as starting point for the study on Network verified UE location. In this contribution, we discuss the feasibility of time-based positioning methods on verifying the reported UE location taking into account the timing measurement error at gNB and UE, and the mirror-image ambiguity issue mirror-image ambiguity issue. 
2. Discussion 
Time-based positioning methods make use of the measured positioning signal timing difference or the time difference of arrival/departure of downlink/uplink signals received from/to different Transmission-Reception Points (TRPs) (i.e. a reference gNB and neighbouring gNBs) at the same time. The resulting measurements are used along with other configuration information are used to locate the UE in relation to the neighbouring TRPs. In case of single satellite in view [as per WID requirement], these existing methods cannot used in NTN case without enhancements because of the following issues
· Time-based positioning methods require multiple satellites in view for collecting the positioning signal timing difference measurement for UE location verification due to the fact that coverage form multiples at the same time is hard to achieve in NTN. 
· They also require very tight synchronization between UE and satellite which is hard to achieve due to the satellite and possibly the UE movements, the synchronization error and/or the clock drift between the UE and satellite. This could lead to a positioning error exceeding the required 5-10 km as shown in Figure 1 and Table 1, [2, 3, 4, and 5]). 
· Additionally, in the case of single satellite in view, the time based positioning methods cannot resolve the ambiguity between a symmetric cells/beams with the respect to the satellite orbit plane. More specifically, it is very hard to locate the UE falling within the beams or the cells that underneath the satellite’s orbital path (orbital plane) due to the mirror image ambiguity issue (Figure 2). Because of this issues it is hard to achieve a positioning accuracy performance with a granularity of 5-10 km as per the work item requirements [Figure 2 and Table 2 [6,7]
· 

· Figure 2: Timing difference Measurement Error for Multi/RRT DL-TDOA Positioning Methods
· Table 1 UE position uncertainty area size under time difference error Multi-RRT
	
	Resulting UE position uncertainty area (km)

	
	RTT error = 300ns
	RTT error = 100ns
	RTT error = 50ns

	Scenario 1
	224.7
	74.9
	37.4

	Scenario 2
	38.2
	12.7
	6.3

	Scenario 3
	24.5
	8.1
	4.0




· 

· Figure 2. UE under a beams/cells underneath satellite’s orbital path suffering from mirror image ambiguity
· Table 2 Positioning error performance for multi-RTT under consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=1s
	21.84 km
	29.56 km
	37.97 km
	47.00 km
	54.78 km

	δ=5s
	19.50 km
	27.08 km
	35.56 km
	45.05 km
	53.35 km

	δ=8s
	6.66 km
	12.32 km
	14.94 km
	20.64 km
	24.87 km


.
Observation 1: Time based positioning methods such as multi-RTT and DL/UL-TDOA cannot to guarantee the targeted accuracy of 5-10km under timing measurement error and consideration of mirror image ambiguity issue
To address the first issue related to the requirement of multiple satellites in view for measuring the time difference a geometry of a virtual satellite at different time instance can be applied in NTN as given in (Figure 1). As, for the timing measurement error issue due to miss-synchronization error and/or the clock drift between the UE and satellite, the timing error correction information of the positioning measurement signal can be exchanged between a wireless device a satellite/gNB node, as a part of positioning protocol signaling to correct the error on the estimation of timing difference.  On the other hand, to address the mirror image ambiguity issues, a satellite orbital trajectories information (e.g., ephemeris parameters) , the beam identity (ID)  and/or the angular information (e.g., the azimuth and/or elevation, the angle of arrival (AoA) or the direction of arrival (DoA), angle of departure (AoD)) of the uplink/downlink poisoning signal can provided to network node to help resolving the timing measurement error and mirror image ambiguity issue .
Proposal 1: RAN2 discuss signalling for multi-RTT and DL/UL-TDOA to address timing measurement error and consideration of ambiguity issue
Proposal 2: RAN2 investigate exchanging of timing error correction information, angular information of the uplink/downlink poisoning signal and/or satellite orbital trajectories information (e.g., ephemeris parameters) to the network to help resolving the mirror image ambiguity  
3. Conclusion
In this contribution, we observe that: 
Observation 1: Time based positioning methods such as multi-RTT and DL/UL-TDOA cannot to guarantee the targeted accuracy of 5-10km under timing measurement error and consideration of ambiguity issue
And propose 
[bookmark: _GoBack]Proposal 1: RAN2 discuss signalling for multi-RTT and DL/UL-TDOA to address timing measurement error and consideration of ambiguity issue.
Proposal 2: RAN2 investigate exchanging of timing error correction information, angular information of the uplink/downlink poisoning signal and/or satellite orbital trajectories information (e.g., ephemeris parameters) to the network to help resolving the mirror image ambiguity.
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